There are well-known consequences of poor sleep in the typically developing population, including depression (Tsuno et al. [@CR21]), obesity (Taheri [@CR20]), hypertension (Gangwisch et al. [@CR10]; Legramante and Galante [@CR12]), neurodegenerative disease (Boeve et al. [@CR2]), and mood disorders (Bauer et al. [@CR1]; Lewy et al. [@CR14]). Some studies suggest that sleep disorders, such as insomnia are common in individuals with developmental disorders (Couturier et al. [@CR5]; Didden et al. [@CR7], [@CR8]; Honomichl et al. [@CR11]; Owens et al. [@CR15]; Patzold et al. [@CR16]; Robinson and Richdale [@CR17]; Stores [@CR18]) however the few studies focusing on sleep and its relevance to maladaptive behaviors in individuals with developmental delay are inconclusive. Brylewski and Wiggs ([@CR3]) found that individuals with intellectual delay, who had intermittent nightly sleep or a low amount of nightly sleep, displayed significantly more daytime irritability, stereotypy and hyperactivity. A subsequent study (Didden et al. [@CR8]) reported that children with severe levels of intellectual disability who exhibited daytime behavioral problems including aggression, non-compliance and hyperactivity, also had sleep problems. Symons et al. ([@CR19]) determined that individuals with profound mental retardation who exhibited self-injurious behavior (SIB) slept significantly less and had patterns of sleep that were more varied and irregular than a group of profoundly mentally retarded individuals without SIB. In a study investigating the special health care needs of children with developmental delay, Kennedy et al. ([@CR13]) found that a group of children with maladaptive behaviors required significantly more health care needs than the control group. Furthermore, the only significant difference in chronic conditions compared to the control group was the statistically significant prevalence of sleep disorders in the group of children with maladaptive behaviors.

The purpose of the current study was to assess the relations between nightly sleep patterns and the frequency of daily maladaptive behavior. Antecedent and consequential relations between sleep patterns and behavior were evaluated with time series analysis.

Methods {#Sec1}
=======

Data were collected for sleep and behavior patterns of 20 female adults who lived in the same residence hall of a 900-bed residential treatment center for individuals with developmental disabilities. Sleep and behavioral data were collected. Because the patients shared the same residence and staff, the environmental conditions were identical for all subjects and the possible effects of staff reporting bias were consistent. Descriptive information is presented in Table [1](#Tab1){ref-type="table"} for each subject including age, intellectual levels and medication regimens. Table 1Subject demographicsSubjectAgeMR levelIQMedicationsMaldaptive behaviors147Profound15OlanzapineBanging head, screaming219Profound17OlanzapineBiting others, throwing objects, crying/yelling344Profound13Carbamazepine, Chlorpromazine, Trifluoprazine, Lithium, DiazepamPinching self434Severe24Carbamazepine, Tegretol, Luvox, OlanzapineBanging face, biting hand542Profound14Divalproex, MirtazapineScratching others642Severe30ParoxetineHitting others, tense body posture737Severe23Haloperidol, Olanzapine, SecobarbitolHitting others, banging head858Profound10OlanzapineDestroying items945Severe30Haloperidol, QuetiapineBiting/scratching others, crying, slapping hands1040Profound16ClonazepamHitting, kicking and scratching others1154Profound12--Screaming and pacing1246Mild51OlanzapineHitting others, crying, screaming1350Profound18Phenytoin, Clomipramine, Lithium, RisperidoneHitting and scratching others, tearing own clothes1434Mild--Divalproex, Phenytoin, Topiramate, Citalopram, ZiprasidoneHitting others, scratching others, cursing1540Profound12HaloperidolPushing, hitting, grabbing others, pulling other's hair1644Profound10Diazepam, Pivalproex, Leviteracetam, Phenobarbitol, Fluoxetine, OlanzapineBanging head, hitting others, head butting1735Severe34OlanzapineBanging head, hitting head, kicking self1833Moderate40DivalproexBanging arms on hard surfaces, yelling, crying1927Mild62Fluoxetine, QuetiapineStriking others2040Severe--Paxil, Resperidone, Naltrexone, Olanzapine, Venlafaxine, TegratolPicking at skin, screaming, pushing others

Participants {#Sec2}
------------

Patients ranged from 19 years to 58 years of age (*M* = 40, SD = 9). Measures of intellectual impairment of the participants ranged from profound to mild. A majority of the participants were receiving psychotropic medication. None of the participants were prescribed medication specifically for sleep aid. Participants were included if they had at least one maladaptive behavior that had been identified by the interdisciplinary clinical team and was observed and recorded by the staff.

Data collected {#Sec3}
--------------

Staff recorded nightly patient activities in "sleep logs" every 15 min starting at 10:45 pm and ending at 6:15 am for 4 months (122 days). Sleep log entries were based on direct observation of each patient at each fifteen-minute interval. If a participant was in bed with eyes closed, then "sleep" was entered for that period of time. Similarly, if a participant was in bed with eyes open, then "awake" was entered for that interval. If participants were out of their beds, then the respective interval data was coded as "awake." The reasons participants were not in bed were idiosyncratic (e.g. toileting, walking hallway) and were not summarized for the analyses presented here. Independent raters coded sleep intervals and maladaptive behavior over the 4 months of the study to ensure the accuracy and reliability of staff observations. Inter-observer (IOA) agreement checks were performed on 10% of all data collected with 85--100% agreement between observers. A sleep efficiency index (SEI) was used to obtain a standardized ratio per subject per night. The index was a modified version of the one reported by Carr and Neumann ([@CR4]), calculating the total time asleep minus any other activities observed in or out of bed.
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Daytime behaviors {#Sec4}
-----------------

The frequency of daytime maladaptive behaviors was collected by direct observation of the participants from 6:15 am to 10:45 pm each day for 4 months (122 days). Staff recorded only behaviors identified and defined for each subject by the interdisciplinary clinical team for the duration of the study. Maladaptive behaviors for the subjects in this study included but were not limited to hitting self, hitting others, banging head, property damage, screaming, and smearing (see Table [1](#Tab1){ref-type="table"}).

Data analyses {#Sec5}
-------------

Means for each individual, collapsed across the 4 months, were calculated for both SEI and maladaptive behavior counts. These were then log transformed to normalize the distribution and compared using Pearson's product-moment correlation coefficients. In order to investigate the temporal aspects of relations between sleep and daytime behavior, lagged cross-correlations were performed for the log-transformed means for all subjects, distributed across the 4 months. These analyses compared mean SEI for a given night with mean maladaptive behavior for the each of the 8 days before and the 8 days after an evening of sleep recordings.

Results {#Sec6}
=======

Mean SEI ratios for individual participants ranged from .24 to .99 (*M* = .83, SD = .19) and are presented in Fig. [1a](#Fig1){ref-type="fig"}. Mean maladaptive behavioral counts for the same individuals during the same period ranged from .07 to 3.5 per day (*M* = .55, SD=.80) and are presented in Fig. [1b](#Fig1){ref-type="fig"}. Fig. 1**a** Mean SEI for each individual's data across 4 months ranked from highest to lowest and **b** matched mean behavior for all participants across the same 4 months

Correlations and lagged correlations {#Sec7}
------------------------------------

Linear analysis indicated that individuals with efficient sleep patterns (i.e. high ratios) had significantly lower frequencies of maladaptive behavior the day preceding a night of sleep recording (lag + 1) (*r* = −.49, *p* = .028). As apparent in Fig. [2](#Fig2){ref-type="fig"}, one subject had a highly deviant sleep efficiency index (*M* = .24; approximately 3 SD's below the mean after log transformation). Subsequent analyses with this subject removed improved the association between SEI and maladaptive behavior (lag +1 *r* = −.70, *p* = .001). The quadratic solution with subject 16 removed accounted for more variance than the linear relation between sleep efficiency and behavior (49% vs. 74%) as illustrated in Fig. [2](#Fig2){ref-type="fig"} (r^2^ = .74, *p* = .001). Eight of the 20 subjects had self-injurious behaviors (SIB). There were no significant differences in sleep efficiency between individuals with SIB compared to those with other maladaptive behaviors *t*(7.4) = 1.4, *p* = .19. There was also no difference in frequency of maladaptive behaviors between individuals with SIB and those with other maladaptive behaviors *t* (9.2) = −1.6, *p* = .13. There were no significant correlations between age and SEI (*r* = −.02, *p* = .94) and between age and frequency of maladaptive behavior (*r* = −.02, *p* = .93). Fig. 2Sleep efficiency and maladaptive behaviors are highly correlated at lag + 1. The deviant subject (subject 16) is highlighted

Lagged cross-correlations were performed to examine the temporal relations between sleep efficiency and maladaptive behavior. In Table [2](#Tab2){ref-type="table"}, both positive and negative lags are presented. The negative lags reflect the relation between sleep and subsequent behavior for 8 days and the positive lags indicate the relation between behavior and subsequent nights of sleep for 8 days. For example, the lag at −8 reflects the relation (−0.72) between maladaptive behavior on the target day and the quality of sleep 8 days earlier. The relation between sleep and behavior labeled as *concurrent lag* reflects the measures of sleep quality and maladaptive behavior for the same day. All lagged correlations between sleep quality and maladaptive behavior were statistically significant and nearly identical (see Table [2](#Tab2){ref-type="table"}). Table 2Lagged cross-correlations in ± 8 daysLag numberR valueSignificance−8−.72.000−7−.72.000−6−.72.001−5−.72.001−4−.71.001−3−.71.001−2−.70.001−1−.70.001*Concurrent*−.70.0011−.70.0012−.71.0013−.72.0014−.72.0005−.72.0006−.72.0007−.72.0018−.71.001Lagged cross correlations between log of sleep efficiency ratios and log of mean maladaptive behaviors for 8 days before and 8 days after the target evening of sleep. Negative correlations indicate that poor sleep is related to problem behaviors and that the relation between these variables is chronic and not acute

There were no changes in medications or treatment plans for any subjects during the study. However, we cannot rule out the possibility that there were interventions that may have introduced a consistent bias in the expression of behavior during the period of observation. To indirectly assess this possibility, we performed autocorrelations of daily maladaptive behavior counts for each subject across the 4 months of the study. A significant proportion (*p* \< 0.05; binomial expansion) of subjects had statistically significant autocorrelations of successive maladaptive behaviors. This result indicates that behavioral counts had a consistent daily pattern for a significant number of subjects and is inferential evidence that there were no interventions or intrusions during the course of the study that altered the consistent pattern of behavior.

Discussion {#Sec8}
==========

The finding in the current study of a significant relation between quality of sleep and maladaptive behavior among individuals with developmental delay is consistent with a small previous literature. There are several reports that individuals with behavioral problems or with severe mental retardation exhibit sleep disturbance (Didden et al. [@CR8]; Dominick et al. [@CR9]; DeLeon et al. [@CR6]). One retrospective study of individuals with specific maladaptive behaviors such as self-injury found that they had significantly more varied and irregular patterns of sleep than matched controls without specific behavioral problems (Symons et al. [@CR19]). Our findings, utilizing a prospective design and 3720, 15 min observation intervals for each subject, complements previous findings of a significant association between patterns of poor sleep and expression of a spectrum of maladaptive behaviors. There was no distinction in (SEI) sleep profiles between the small subgroup of subjects with SIB and those with other forms of maladaptive behaviors.

In addition to the significant correlation between concurrent maladaptive behaviors and sleep efficiency over a four-month period, the significant lagged correlations for 8 days before and after the target day suggests that the reciprocal relations between sleep and behavior are not acute. These findings indicate that inefficient sleep patterns do not increase the risk of maladaptive behavior only on the following day. Conversely, maladaptive behaviors during the day do not predict inefficient sleep only later that night. Instead, these findings suggest that there is a "chronic" relation between poor sleep and maladaptive behavior. It appears from our findings that individuals with maladaptive behaviors tend to have less efficient sleep patterns generally. The choice of ± 8 days lag was arbitrary but was sufficient to examine and eliminate one implicit hypothesis of this study, specifically that a poor night's sleep would increase the risk of immediate or subsequent behavioral problems.

One interesting outcome of this study was the identification of an outlier. She was identified by her deviant sleep patterns (over three standard deviations from the group mean) and the relative absence of behavioral problems. This woman (subject 16) was 44 years old, profoundly mentally retarded, non-verbal, semi-ambulatory, and slept very little at night. We discovered that this woman slept most of the day and therefore did not present as an individual with behavioral problems. Although behaviors such as hitting others, head butting and banging her head against surfaces were identified as behavioral problems, not many counts were recorded because she napped most of the day. Figure [3](#Fig3){ref-type="fig"} illustrates the subject's erratic sleep pattern (a) over 18 months of observation versus a subject with consistent sleep (b). Thus the absence of an association between her poor sleep and behavior may be attributable to a disturbed circadian sleep cycle. Fig. 3Sleep versus Awake patterns per interval for subject 16 (**a**) contrasted with patterns of a subject with consistent sleep (**b**) and low frequency of maladaptive behaviors

Limitations {#Sec9}
-----------

Direct observations of individuals in their natural setting preclude the implementation of experimental controls commonly seen in laboratory studies of sleep. Conventional laboratory sleep studies include measures that permit the ability to precisely define sleep and stages of sleep including: restlessness, REM cycles, perfusion, or intermittent awakening. These measures were not possible to implement in such a large sample of conserved subjects, with multiple observations conducted simultaneously in a residential facility. For some questions there are clear advantages to laboratory studies, however our naturalistic observation design provided an opportunity to collect 122 continuous days of sleep and behavior from subjects residing in the same environment and assess the linkage between daytime behavior and sleep. Although the typical controls for physiological measures of sleep were not available, the large sample, the dense sampling period, and the comparable environment for each subject provided controls and power usually not possible in studies of sleep. Moreover, it is unlikely that obtaining representative measures of sleep in a laboratory setting from this population of individuals would be feasible due to poor compliance and inability to comprehend instructions or discomfort experienced by introducing the subject to a sleep laboratory environment.

Conclusions {#Sec10}
===========

Significant relations between disturbances in sleep efficiency and disorders such as depression, obesity and heart disease have been investigated in numerous studies in typical populations (Bauer et al. [@CR1]; Gangwisch et al. [@CR10]; Lewy et al. [@CR14]; Taheri [@CR20]; Tsuno et al. [@CR21]). The current study adds to a small literature indicating that sleep disorders are significantly associated with maladaptive behaviors among individuals with developmental disabilities. It was surprising that the relation between sleep and behavior was not temporally contingent. These new findings suggest a chronic link between sleep and maladaptive behavior. Establishing a link between sleep and behavioral problems in this population invites both further studies and clinical interventions to discover possible causal relations.
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